a randomized double-masked study to compare the ocular safety, tolerability, and efficacy of bromfenac 0.075% compared with vehicle in cataract surgery subjects Purpose: The aim of this study was to evaluate the safety, tolerability, and efficacy of a low-dose version of bromfenac 0.075% in DuraSite ® (bromfenac 0.075%) compared with DuraSite ® vehicle (vehicle) alone for the treatment of postoperative inflammation and ocular pain after cataract surgery. Methods: A multicenter, double-masked, vehicle-controlled, parallel-group clinical trial of 240 subjects randomized in a 2:1 ratio to bromfenac 0.075% or vehicle was conducted. Subjects were dosed BID beginning 1 day before the cataract surgery, the day of surgery, and 14 days after surgery. A slit lamp biomicroscopy examination was performed to evaluate the signs of inflammation, including anterior chamber cells (ACC) and anterior chamber flare (ACF). The primary efficacy variable was the proportion of subjects with an ACC grade of 0 at Day 15. Secondary efficacy endpoints included the proportion of subjects who achieved a pain score of 0 at each postsurgical visual analog scale (VAS) assessment and the proportion of subjects with an ACF grade of 0 at Day 15. Results: At Day 15, proportionally more subjects in the bromfenac 0.075% group than in the vehicle group had an ACC grade of 0 (57.1% vs 18.8%, respectively; P,0.001). At each of the postsurgical time points (Days 1, 8, 15, and 29), proportionally more bromfenac 0.075%-treated subjects (76.8%, 90.5%, 92.9%, and 85.1%, respectively) had no pain (a VAS score of 0) compared with the vehicle-treated subjects (48.2%, 38.8%, 42.4%, and 47.1%, respectively), and at each time point, these differences in proportions were statistically significant (P,0.001). More subjects in the bromfenac 0.075% group had complete ACF resolution (151/167; 90.4%) compared to those in the vehicle group (54/85; 63.5%). There were no new safety signals reported. Conclusion: Bromfenac 0.075% in DuraSite is safe, well tolerated, and effective at reducing inflammation and preventing pain associated with cataract surgery. Keywords: bromfenac, cataract surgery, nonsteroidal anti-inflammatory drugs, cyclooxygenase inhibitor
Introduction
Cataract surgery -combining phacoemulsification and intraocular lens implantation -is the most frequently reimbursed operation among US Medicare patients, 1, 2 and .3 million procedures are performed yearly in the US. The ophthalmic community has generally accepted the use of topical agents during the cataract removal procedure for a variety of purposes. Typically, antibiotics are used for infection prophylaxis, postoperative steroids are used for cystoid macular edema (CME) and inflammation prevention, and submit your manuscript | www.dovepress.com
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hosseini et al nonsteroidal anti-inflammatory drugs (NSAIDs) are used for the postoperative control of ocular inflammation and discomfort prevention.
NSAIDs are well-known inhibitors of cyclooxygenase enzymes, 3 and there are several NSAIDs approved for use in ophthalmic surgery in the US, such as bromfenac, diclofenac, ketorolac, nepafenac, and suprofen. 4, 5 This class of drugs is often used to reduce postoperative pain and to control inflammation during and after surgery. NSAIDs are also used for a variety of other purposes. [6] [7] [8] Bromfenac is a potent cyclooxygenase inhibitor 5 that has been studied and marketed since 2000 in Japan, since 2005 in the US, and since 2011 in Europe. 4, [9] [10] [11] [12] DuraSite ® (Sun Pharma, Alameda, CA, USA) is a synthetic polymer of cross-linked polyacrylic acid, polycarbophil, that stabilizes small molecules, like the antibiotic azithromycin, in an aqueous matrix. Both clinical and nonclinical studies have shown DuraSite drug delivery system to be safe and nontoxic. 13 DuraSite is commercially available in the US in two antibiotic formulations (one with 1% azithromycin and the other with 0.6% besifloxacin). The DuraSite technology has been used in a formulation of loteprednol gel as well. This study was designed to evaluate the safety, tolerability, and efficacy of a low-dose version of bromfenac 0.075% in DuraSite (study drug) compared to DuraSite vehicle (vehicle) when dosed twice daily beginning 1 day prior to cataract surgery, the day of surgery, and then continuing for 14 days after surgery for the treatment of postoperative inflammation and ocular pain.
Results from this and earlier studies led to the US Food and Drug Administration (FDA) approval of bromfenac ophthalmic solution 0.075% in DuraSite (BromSite) in April 2016 for the treatment of postoperative inflammation and prevention of pain in patients undergoing cataract surgery. This approval is the first in the US to include prevention of pain; other NSAIDs are indicated for the treatment of inflammation and reduction of pain.
Methods
This study was a multicenter, randomized, double-masked, vehicle-controlled, parallel-group clinical trial designed to evaluate the ocular safety, tolerability, and efficacy of topical administration of bromfenac 0.075% compared to vehicle when dosed BID beginning 1 day prior to cataract surgery, the day of surgery, and then continuing for 14 days after surgery.
Six visits were required for full study participation, including the dosing phase and the evaluation phase. Subjects were to exit the study on Visit 6 (Day 29).
A diagram of the study design is provided in Figure 1 .
study design
Two-hundred forty subjects were planned for enrollment and randomized in a 2:1 ratio to either bromfenac 0.075% or vehicle; this number of subjects was expected to provide sufficient power to detect a meaningful treatment-related difference for the primary efficacy analysis.
statistical analysis
The primary analysis of the primary efficacy endpoint was based on the intent-to-treat (ITT) population and last observation carried forward (LOCF) data. The difference between the bromfenac 0.075% and vehicle treatment groups in the proportion of subjects with an anterior chamber cells (ACC) grade of 0 by Day 15 was tested using a chi-square test. A 95% confidence interval for the difference of the proportion was constructed based on a chi-square distribution. The secondary efficacy endpoint was the proportion of subjects who achieved a pain score of 0 at each postsurgical visual analog scale (VAS) assessment. Analysis of the secondary efficacy endpoint was based on the ITT population and LOCF imputations.
Unless otherwise stated, any statistical tests performed used two-sided tests at the 5% significance level. All analyses and summaries were performed using the SAS Software Version 9.1 or later (SAS Institute, Cary, NC, USA).
inclusion/exclusion criteria
Key inclusion criteria included subjects aged at least 18 years who were scheduled for unilateral cataract surgery, subjects with a best-corrected visual acuity (BCVA) of at least +1.0 log of the minimum angle of resolution (logMAR) (Snellen equivalent of 20/200) in the fellow eye (nonstudy eye), and subjects who had an intraocular pressure (IOP) of .8 mmHg and #22 mmHg in the study eye.
Key exclusion criteria included subjects with a history of Fuchs' dystrophy, diabetic retinopathy, and/or previous 
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Bromfenac 0.075% in Durasite vitrectomy within the previous 2 years; iritis or scleritis, severe dry eye, or glaucoma surgery within the previous 2 years in the study eye; any active or chronic/recurrent ocular or systemic disease that was uncontrolled and likely to have affected wound healing (eg, diabetes mellitus, systemic connective tissue disease, severe atopic disease); intraocular inflammation (cells or flare in anterior chamber) or ocular pain (.0) on the pain scale in either eye; and previous radial keratotomy, corneal transplant, or LASIK in the study eye within the last 2 years.
Protocol and informed consent form (ICF) for this study were reviewed and approved by an Institutional Review Board (IRB) (Quorum Review IRB, Seattle, WA, USA) registered with the US Department of Health and Human Services Office for Human Research Protections and with the FDA and provided to the contract research organization (CRO; Pharm-Olam International, Houston, TX, USA) before subjects were screened for entry. All patients provided written informed consent prior to any study procedures. The study is registered with ClinicalTrials.gov (ID: NCT01576952).
Treatment administration
Subjects were instructed to store bromfenac 0.075% at room temperature and to administer two doses on Day −1 in the study eye, one dose on Day 0 prior to cataract surgery, and one dose on the evening after surgery and to continue dosing BID at ~12-hour intervals for 14 days after surgery. Subjects were given a dosing diary to record bromfenac 0.075% application dates and times. No other eye drops (eg, artificial tears) were to be administered for at least 1 hour after the bromfenac 0.075% dose. All other topical medications must have been administered at least 5 minutes before bromfenac 0.075%.
Subjects were screened and enrolled at Visit 1 (Days −14 to −2); surgery was scheduled for Visit 2 (Day 0) at this time. Subjects were contacted by telephone on Day −2 to remind them of required dosing diary completion, dosing on Days −1 and 0, as well as dosing for 14 days after cataract surgery in the study eye. Dosing with masked bromfenac 0.075% began on Day −1. Subjects exited the study on Day 29 (Visit 6). At Visit 2 (Day 0), subjects were to undergo cataract surgery. Subsequent visits were required at Day 1 (Visit 3), Day 8 (Visit 4), and Day 15 (Visit 5, 12-48 hours after the last dose of study drug). Subjects were to attend a follow-up visit (Visit 6) on Day 29.
Outcome measurements
A slit lamp biomicroscopy examination was performed to evaluate the signs of inflammation including ACC, anterior chamber flare (ACF), chemosis, bulbar conjunctival injection, ciliary injection, corneal edema, keratic precipitates, and general health of the eye.
aCC and aCF
The primary efficacy variable was the proportion of subjects with an ACC grade of 0 at Day 15. Subjects with an ACC grade .0 at Day 15 were not counted as responders. ACC were counted and graded according to Table 1 . An analysis of the primary efficacy endpoint, proportion of subjects with an ACC grade of 0 at Day 15, was based on the modified ITT (mITT) population (subjects, who were randomized, underwent cataract surgery and received at least one dose of the study drug); the LOCF was used to impute missing data. The difference between treatment with bromfenac 0.075% and vehicle was tested using the chi-square test.
secondary outcomes and endpoints Pain assessment
Pain/discomfort and photophobia was assessed by the subject in the study eye using the VAS. The investigator or study staff turned the scale over and recorded the associated measurement (0 mm = absent to 100 mm = maximum).
One secondary efficacy endpoint was the proportion of subjects who achieved a pain score of 0 at each postsurgical VAS assessment. Analysis of the secondary efficacy endpoint was based on the mITT population; the LOCF method was used to impute missing data.
The proportion of subjects who achieved a pain score of 0 on the VAS at each postsurgical assessment was calculated for each treatment group. The difference in proportions between the treatment groups was tested using the chi-square test. Another secondary efficacy endpoint was the proportion of subjects with an ACF grade of 0 at Day 15. The proportion of subjects with an ACF grade of 0 at Day 15 was calculated for each treatment group. Analysis of the secondary efficacy endpoint was based on the mITT population; LOCF method was used to impute missing data. ACF was graded according to the parameters set forth in Table 1 .
safety measurements and adverse event reporting
Safety was assessed by the incidence of adverse events (AEs), BCVA, IOP, photophobia, biomicroscopy, ophthalmoscopic findings, and concomitant medication use.
Subjects were evaluated for adverse events at all study visits.
Results
study population
Of the 279 subjects screened, 268 subjects were randomized as follows: 180 subjects to the bromfenac 0.075% group and 88 subjects to the vehicle group. Of the 268 randomized subjects, 12 subjects in the bromfenac 0.075% group and two in the vehicle group did not undergo cataract surgery for reasons not associated with the bromfenac 0.075% (but were included in the safety analysis); one additional subject in the vehicle group withdrew from the study before receiving any study drug. The mITT population, therefore, comprised 253 subjects or 94.4% of those randomized (93.3%, [168/180] in the bromfenac 0.075% group and 96.6%, [85/88] in the vehicle group) (for subject disposition refer Table 2 ).
For the mITT population, the mean (± standard deviation [SD]) age of the study subjects was 68.7 (±10.17) years and all subjects were aged between 24 and 87 years; these data were similar between treatment groups. The majority of subjects were $65 years (71.5% [181/253] 
Disposition
Proportionally, almost three times as many subjects in the vehicle group (55/88; 62.5%) discontinued the study compared to subjects in the bromfenac 0.075% group (41/180; 22.8%).
Most of the subjects discontinuing the study in either group was due to the lack of efficacy, and there were approximately fivefold as many of these in the vehicle group (39.8% [35/88]) compared to those in the bromfenac 0.075% group (8.3% [15/180] ). The next most frequent reason for study discontinuation was for AEs, and also more frequent in the vehicle group compared to that in the bromfenac 0.075% group (Table 3) .
The proportion of study drug-treated subjects who received rescue medications was less compared to vehicletreated subjects (4.8% [8/168] vs 36.5% [31/85], respectively), and this difference was significant (P,0.001).
Efficacy
There were proportionally more subjects in the bromfenac 0.075% group who had an ACC grade of 0 at Day 15 compared to those in the vehicle group (57.1% vs 18.8%, respectively; P,0.001). Two subjects in the bromfenac 0.075% group (1.2%) and three subjects in the vehicle group (3.5%) received rescue therapy on Day 15. Between-group differences in the mean ACC grades by study visit were of greater magnitude than those in the mean ACF grades, but a similar statistical trend was evident: minimal between-group differences at Day 1, but significantly lower mean ACF grade scores in the bromfenac 0.075% group than those in the vehicle group at each subsequent study visit (Days 8, 15, and 29) .
The mean ACF grades decreased in both treatment groups from Day 8 to Day 29 and were consistently lower in the bromfenac 0.075% group than in the vehicle group across these study visits. At Day 1, ACF grades were similar in each group. However, at each of the subsequent study visits, the mean (±SD) ACF grades were statistically significantly lower in the bromfenac 0.075% group than in the vehicle group (0. Days 8, 15 , and 29, respectively; P,0.001 at each visit). The difference in proportions between the treatment groups was calculated using the chi-square test. On Days 1, 8, and 15, the proportion of subjects with an ACF grade of 0 without rescue therapy in the bromfenac 0.075% group (n=168) was 38 (22.6%), 111 (66.1%), and 135 (80.4%), respectively. On Days 8 and 15, the difference between groups was significant (P,0.001); on Day 1, there was no significant difference (P=0.564). The difference in the time to achieve an ACF score of 0 was statistically significant (P=0.030) in favor of bromfenac 0.075%.
The proportion of subjects who had complete ACC resolution was 74.3% (124/167 subjects) in the bromfenac 0.075% group compared to 35.3% (30/85 subjects) in the vehicle group. The difference in the time to achieve resolution of ACC (resolution of ACC is defined as an ACC score of 0) was statistically significant (P=0.019) in favor of the bromfenac 0.075% group. Additionally, the probability of achieving ACC resolution was higher for the bromfenac 0.075% group at all time points.
Pain scores
At all time points, there was a significant difference between the bromfenac 0.075%-treated group and the vehicle-treated group (Table 4) .
A significantly greater proportion of subjects experienced no pain (defined as a VAS pain score of 0 at Day 1 and the next subsequent study visit) in the bromfenac 0.075% group than those in the vehicle group (Table 5) .
safety
There were no deaths, but one serious AE was observed during the study: one subject in the vehicle group developed severe endophthalmitis in the study eye (left eye) that was not considered study drug related and resolved with treatment. As a result, the subject was discontinued from the study.
Most treatment-emergent AEs (TEAEs) were of mild or moderate severity, and the proportions of subjects with these TEAEs were similar between treatment groups. More subjects in the vehicle group had severe TEAEs compared to Table 6 . One notable exception is the higher number and greater percentage of subjects in the bromfenac 0.075% group who had ocular hypertension (n=16, 9.5%) compared to those in the vehicle group (n=3, 3.5%), although these differences were not significant. All episodes of ocular hypertension occurred immediately after surgery and were not unexpected. None of the study investigators believe that an increase in ocular hypertension was a result of the bromfenac 0.075% or vehicle but was a result of the surgery itself. Changes in IOP from baseline were considered small and not clinically significant. By the following study visit (Day 1), all subjects had returned to their preoperative levels with or without any intervention. There was no evidence of a persistent or delayed elevation in IOP.
Discussion
During the postoperative period, ocular NSAIDs are prescribed to reduce the pain and inflammation associated with surgery. In this Phase III study, we found bromfenac 0.075% to be superior to vehicle in both primary and secondary endpoints (resolution of ACC and ACF grades at Day 15 [after 16 days of dosing] and prevention of postoperative pain). The bromfenac 0.075% group reported proportionally less pain early in the postsurgical period (Day 1) compared to the vehicle group.
The results of this study confirmed those of a previous Phase II study, where bromfenac 0.075% reduced inflammation better than the currently marketed versions of bromfenac in both once-and twice-daily formulations (InSite Vision Inc., data on file, 2012).
Our results add to the recent literature about the analgesic effects of bromfenac postcataract surgery. [14] [15] [16] [17] In particular, our study used bromfenac 0.075% encased in DuraSite, and our efficacy results were similar to others published on bromfenac 0.07% without DuraSite. 16, 17 However, the bromfenac 0.075% in this trial was able to prevent pain, which has not been established with other formulations of bromfenac.
There has been discussion among clinicians about the perceived benefits of once-daily or twice-daily dosing. Advantages to twice-daily dosing include the retention of some of the active ingredient should a patient forget to instill one drop. There may be advantages with using DuraSite as the bioadhesive support matrix as well; clinical trials evaluating 1% azithromycin and 0.6% besifloxacin in DuraSite found a more convenient therapeutic course and better efficacy in the clinical resolution of bacterial conjunctivitis when DuraSite was used compared to either vehicle or other ophthalmic formulations. [18] [19] [20] The use of DuraSite has been extensively researched and validated as an efficacious and safe method for ocular drug delivery. 13, [21] [22] [23] [24] There are some limitations to this study. For instance, we limited the number of patients in the vehicle group as they were not allowed pain medication postoperatively in the study eye. (It is important to note, however, that analgesics were available as rescue medications regardless of assigned group.) This may, in fact, be a cause of the higher percentage of subjects in the placebo group who withdrew from the study. Although not all these patients were followed after withdrawal, the majority did so based on the lack of efficacy of the vehicle alone. Almost all the baseline subjects (93.7%) completed the first postoperative visit (InSite Vision, Inc., data on file, 2015), indicating a willingness to continue study participation. While unlikely, it is possible that the ingredients in DuraSite (vehicle) may contribute to a patient's pain assessment. As both groups were dosed with DuraSite, we believe that there may have been a placebo effect in the vehicle group.
We have shown bromfenac 0.075% in DuraSite is safe, well tolerated, and effective at reducing inflammation and preventing pain associated with cataract surgery. As the number of cataract surgeries performed yearly continues to climb (estimated at 30 million globally by 2020), 25 minimizing postoperative inflammation and preventing pain associated with cataract surgery will continue to be a concern for surgeons.
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